We have compared historical changes in concentrations of the heavy metals Mn, Ni, Cu, Zn, Cd and Pb accumulated in samples from the Polish woodlands of Beskidy and Karkonosze (S, SE Poland) and the north-east regions of the country, versus the relatively little polluted areas of Spitsbergen of the Svalbard Archipelago. We have combined the results from literature with new results from 2014. The regions of Beskidy and Karkonosze were the most exposed to heavy metals deposition. However, from 1975 to 2014 there was a considerable decrease of concentrations of Cu, Zn, Cd and Pb at all Polish sites, clearly signifying improvement of environmental quality. For example, the average Cd concentration in mosses samples collected in Karkonosze decreased from 0.002 mg/g in 1975 to 0.0006 mg/g in 2014. It is interesting to observe relatively large concentrations of nickel in moss samples collected in 2014 in the Svalbard archipelago, in the vicinity of Longyearbyen (average 0.018 mg/g) which most likely originate from local mine waste piles.
Introduction
Emission of heavy metals to the atmosphere may, due to dry and wet deposition, cause local enrichment of surface layers of the lithosphere and contamination of the hydrosphere in emission of heavy metals to the atmosphere may, due to dry and wet deposition, cause local enrichment of surface layers of the lithospere and contamination of the hydrosphere in amounts which are detrimental to ecosystems. Heavy metals introduced to ecosystems participate in mass exchange between biocenosis and biotope, and by building into subsequent elements of trophic chains, they frequently end up in human organisms. Global effects are also a problem, which is exemplified by, among others, mercury. Due to the specific physicochemical properties of this element, eg melting temperature (234.32 K), high volatility and ability for biotransformation (metisation, dealkylation and reduction), mercury can transfer between air, soil and water [1] . In the air, that mercury vapors travel on long distances, what is confirmed by the increasing concentrations of the element in Arctic regions [2] .
Currently, the instrumental methods for analysis of environmental pollution are effectively supplemented or even substituted by methods using biological indices [3] [4] [5] [6] and become "one of the pillars of modern environmental monitoring" [7] . Their obvious advantages are a cheap and simple method of visual assessment of species diversity and external symptoms of changes caused by human pressure. This method of using the organisms, which are referred to as bioindicators, allows to perform a qualitative assessment of changes in the environment. Another approach includes the quantitative assessment of changes in the environment. For this purpose, concentrations of the macro-and microelements accumulated in organisms (biomonitors) are most frequently determined. This allows to assess the level of deposition of pollutants in the studied areas and determine sources and directions of their distribution, as well as assess changes taking place in ecosystems in a historical perspective. Biomonitoring research is frequently supplemented by soil analyses, from which pollutants are transferred to the green parts of plants through the root systems [8] . The soil is also a secondary source of atmospheric aerosol pollution [9] . The radioactive isotope 137 Cs, released during the Chernobyl reactor breakdown in 1986 and still present in the forest soils in Poland, among others, is a good marker of these processes [10] .
Trace elements in mosses were determined already during the 1960s [11] . Approved analytical methods are currently used to determine the elemental composition. The concentrations of the elements detected by the absorption (AAS) and emission (AES) atomic spectrometry are of the ppm order (parts per million), ie millionth parts of a sample mass (10 -4 %). Mass spectrometry (MS) and instrumental neutron activation analysis (INAA) enable to identify the elements with concentrations of the ppb order (parts per billion), ie parts per billion (10 -7 %). Application of the non-invasive methods X-ray fluorescence spectrometry (XRF) and proton-induced X-ray emission (PIXE) allows elements quantification on the ppm order. The quoted determination limit values are approximations. They depend on the type of the determined element and the applied research methodology. [12, 13] , studies of heavy metals accumulating in mosses and lichens collected in the Polish-Czech area [14, 15] , or typical local research, for example the research carried out in order to determine the pollution sources [16] .
The objective of the research presented herein is the assessment of changes at heavy metals concentrations in long term perspective, accumulating in mosses growing in Poland and the Svalbard archipelago, as well as the current assessment of heavy metals pollution level in these study areas.
Characteristics of the areas covered by the project
The research areas were selected considering the synthesis of information regarding the location and climate. The locations of the research areas in Poland are presented in the map in Figure 1 . Karkonosze (Giant Mountains) are the highest range of the Sudety (Sudeten) mountains, located in south-western Poland (more than 28%) and the Czech Republic. The highest peak in Karkonosze is Sniezka (1602 m above the sea level). The following two national parks were created in Karkonosze: Karkonosze National Park (in 1959) and Rudawy Landscape Park (in 1989). Atmospheric conditions in Karkonosze are mainly shaped by the oceanic air masses, which influence the length and severity of winters, considerable precipitation, large temperatures amplitude and strong winds. Thermal inversion occurs in valleys. The vegetation period, which is equal to the number of days with an average daily temperature above 5ºC, is usually shorter than 210 days a year. The area of Karkonosze was in the 1970s exposed to a strong emission of pollution from power plants fuelled by brown coal, located in the so called "Black triangle", including the crossborder areas of Czechoslovakia, East Germany and Poland.
Beskid The following forests are located in the north-eastern part of Poland: Bialowieska, Knyszynska and Augustowska (near the Belarus border), Borecka and Romincka (near the border with Kaliningrad Region) and the forests located near the Pisa and Narew rivers: Piska, Kurpiowska and Biala. The following national parks were established in this area: Bialowieski (in 1932), Wigierski (in 1989), Biebrzanski (in 1993) and Narwianski (in 1996) . The Mazury National Park is currently established. The climate in this area is moderate continental, cool with the influence of the Atlantic climate. The annual precipitation is approximately 600 mm. The length of vegetation period is not more than 210 days in a year in the Bialowieska forests. The flora differs from to that in central Poland, because of the presence of arctic and boreal species, as well as the expansion of spruce [17] . The areas of north-eastern Poland are little polluted, under the influence of distant and low emission from local sources.
Svalbard is a Norwegian province in the Arctic, covering several islands with the largest one, Spitsbergen. Norway administratres the area on the basis of the Spitsbergen Treaty. The archipelago borders with the Greenland Sea from the west, the Barents Sea from the east and the Arctic Ocean from the north. The archipelago area is 62 924 km The Svalbard climate is largely shaped by the sea currents: the warm West Spitsbergen current and the cold currents: East Spitsbergen and Barents. The average year temperature in Svalbard is from -5.9 to -0.9°C. Precipitation is low, amounting to 200-300 mm per year. The snow cover lasts from the middle of September until the beginning of June. The climate in the area does not support growth of flora throughout the most part of the year. Permafrost melts only to the depth of 30-150 cm during the summer. Vegetation exists only in 6-7% of the Svalbard area. Plants grow mainly in the narrow strip along the seaside, on mountain slopes and in some valleys. Growing season is very short and lasts maximum 90 days [18] [19] [20] [21] [22] . Long transported air pollution in Svalbard originates mainly from Central and Eastern Europe, among others from the industrial area in the Kola Peninsula and Siberia [23] . But the coal electrical power plants in Longyearbyen, Barentsburg and Ny-Ålesund may be also a source for local air pollution like S0 2 and heavy metals [24] . Another source of pollution is winter-generated coal-mining pollution (eg heavy metals) released by thawing [25, 26] and flushed down from the piles (acid mine drainage -AMD). This kind of pollutants can be wind spread over larger areas around the mines and the rock piles. Other sources of pollution might originate from sea bird colonies (bird cliffs) in the area [27] . The latter indicates that the seabirds (faeces) are acting as a vector for the movement of heavy metals between the marine and terrestrial ecosystems. which can contribute significantly to spread of pollutants in the vicinities of such cliffs/colonies [27] .
The location of Longyearbyen, the administrative center of Svalbard, around which the moss samples were collected, is presented in the map in Figure 2 . 
Materials and methods
Samples of the epigeic moss Pleuroziom schreberi were collected for the research in Poland. Samples of epigeic moss Hylocomium splendens were collected in Svalbard. The collected samples were cleaned from impurities, dried at 323 K and stored in tightly sealed polyethylene containers. Homogenized samples with the mass of 0.4 g were mineralized in a mixture of nitric acid and hydrogen peroxide in a microwave mineralizer (Speedwave Four Berghof, DE). MERCK reagents were used to prepare the solutions. Concentrations of the following elements were determined in demineralized samples: Mn, Ni, Cu, Zn, Cd and Pb, with the FAAS method, using the iCE 3000 spectrometer made by Thermo Electron Corporation (USA).
In Table 1 , the instrumental detection limits (IDL) and instrumental quantification limits (IQL) for the spectrometer iCE 3500 are presented. Calibration of the spectrometer was performed with a standard solution from ANALYTIKA Ltd. (Czech Republic). The values of the highest concentrations of the models used for calibration (2 mg/dm 3 for Cd, 5 mg/dm 3 for Ni, Cu, Zn, Pb and 7.5 mg/dm 3 for Mn) ware approved as linear limits of the signal dependence on the concentration. 
Results and discussion
In Tables 3 and 4 , concentrations of heavy metals accumulated in the mosses are presented (Karkonosze -K, Beskidy -B, Borecka Forest -PBo, Knyszynska Forest -PK and Bialowieska Forest -PBi) during the period from April till May, from June till July and from August till October 2014 and in Spitsbergen during the period 03-07.08.2014. The results presented in Tables 3 and 4 were supplemented with the data from literature. Table 5 presents mean values of concentrations of the heavy metals accumulated in mosses Hylocomium splendens and Pleurozium schreberi collected for the analysis in the area of the following national parks: Babiogorski, Karkonoski and Bialowieski during the years: 1975 [28] 1976 and 1986 [29] and in 1990 and 1995 [30] [31] [32] .
Another example of a long-term research regarding determination of heavy metals accumulated in mosses is the research carried out in Bialowieska Forest during the period 1994-2009. Results of the research published in [33, 34] are shown in Table 6 .
Biomonitoring was carried out also in 1998 in Bialowieska, Knyszynska, Augustowska, Borecka and Romnicka Forests [35] . Pleurozium schreberi was used in the research. The results of mean concentration values of the selected metals are presented in Table 7 .
Another example is the research carried out in Karkonosze, which regarded pollution of peat bog ecosystems with heavy metals, with the use of peatmoss (Sphagnum). The following peatmoss species were collected: Sphagnum cuspidatum, S. lindbergii, S. majus, S. tenellum, S. magellanicum, S. papillosum and S. russowii [36] . Mean concentrations are shown in Table 8 . Svalbard is considered as an ecologically clean benchmark area, indicating the global pollution level. Previous biomonitoring results from Svalbard are here presented briefly. Table 9 presents results of the research carried out in 1985 in the south-western part of Svalbard. Ni, Cu, Zn Cd and Pb were determined in 16 moss species [37] . Concentrations of heavy metals in mosses collected in Svalbard during the years 1987-1995 are presented in Table 10 [38]. Studies of heavy metals plants growing in the western and northern part of Svalbard were carried out during the period from June to August 1988. The research used, among others, the mosses Tomenthypnum nitens and Racomitrium lanuginosum [39] . The results are presented in Table 11 . Samples of lichens and mosses were collected in the southern parts of Svalbard in July and August 2008, in order to determine heavy metals accumulation. The research results (mean values) of the metals determined in the moss Racomitrium lanuginosum are presented in Table 12 [40] . Heavy metals in Sanionia uncinata, from 29 sites in the southern part of Svalbard, was studied in 2008 [41] . Mean concentration values read from the graph are presented in Table 13 . The results presented in Tables 3-14 were interpreted taking into consideration the long-term changes of pollution levels of the studied ecosystems. Comparisons were also carried out, in order to establish an order of pollution levels of the studied areas.
For the comparison purposes, the graph in Figure 3 presents mean values of concentrations of heavy metals: Mn, Ni, Cu, Zn, Cd and Pb accumulated in different species of mosses collected for the research in Svalbard during the years 1985-2011. It should be emphazised that the species of mosses collected in Svalbard (Tables 9-14) differ in adsorption characteristics, which is confirmed by large standard deviations of the results, versus the mean values (Tables 9, 10 and 14) . Therefore, due to the lack of the possibility to verify the data, in order to determine the reference values, the mean values of all presented results were accepted. The mean concentrations of zinc in the samples of mosses collected in 2014, compared to 1975, decreased by 87% in Karkonosze, 59% in Beskidy and 54% in the woodlands of the north-eastern Poland. The mean concentration of cadmium decreased by over 70, 68 and 67% respectively, and lead by over 38, 52 and 23%. The changes trend also shows decrease of nickel concentrations in the mosses growing in Karkonosze and Beskidy, however, this has not been confirmed by the results of the research from 2014. Concentrations of nickel in the mosses collected in 2014 in the north-eastern Poland decrease versus the abnormal, relatively high concentrations recorded in 1994. The considerable decrease of concentration of Cu, Zn, Cd and Pb in the samples of mosses from Karkonosze is the result of the implemented rehabilitation program, which aimed at reduction of emission from the browncoal-fuelled power plants located near (50-100 km) the study area, in Poland, Czech and Germany, at the junction of borders of these countries. Currently in Poland significant contribution in environmental pollution is delivered with uncontrolled low emission from households [43] . No major changes of manganese concentration were recorded in the moss samples collected in the studied areas in 2014. This may be caused by the secondary pollution of atmospheric aerosol with the manganese originating from the soil.
Taking into consideration the mean concentrations of metals in the moss samples collected in 2014 and the trends of the changes in long-term perspective, it is possible to order the studied areas by the pollution level: Beskidy > Karkonosze > woodlands of the north-eastern Poland. As mentioned above, the area of Beskidy is under the influence of emission from Upper Silesia Industrial Zone (PL) and Ostrava-Karvina Coal Basin (CZ). Concentrations of the studied metals (apart from manganese) in the samples collected in 2014 in the woodlands of the north-eastern Poland are comparable to concentrations of metals determined in the mosses collected in Svalbard. Concentrations of Cu, Zn and Pb in the samples collected in 2014 in Karkonosze are also comparable to mean values of concentrations in the moss samples from Svalbard.
Considerably large concentrations of nickel (mean 0.0180 mg/g), also in comparison to the mean long-term value for this area (mean 0.0044 mg/g) were recorded in the samples of mosses collected in Svalbard in 2014. The origins of nickel content biota and soil in Svalbard can originate from long transported industrial air pollution from the Kola Peninsula [23, 44, 45] . However, it should be emphasized that the mean nickel concentration in Svalbard was determined on the basis of nickel concentrations in the samples of moss collected mainly in the south of Spitsbergen, whereas in 2014, the samples of moss were collected in 7 sites near and within Longyearbyen a coal mining town and area, near a coal fueled electrical power plant. According to Elberling et al 2007 and Aaskaer et al 2008 the main source of pollutants are the mining waste in the rock piles in the area and they have measured similar contents of nickel, manganese and zinc in biota and soil in some of the rock pile areas as we have measured in our sites. In addition air pollutants may originate from the port area where the shipping of coal from the local mine is located, faeces from the sea bird colonies and pollution from the airport (Fig. 2) . Nickel superalloys are used in construction of aircraft engines [46] .
Conclusions
The analyses of the results of the presented biomonitoring research carried out during the years 1975-2014 indicate improvement of environment quality in the studied areas of Poland. Mean concentrations of Ni, Cu, Zn, Cd and Pb in the samples collected in 2014 in the woodlands of north-eastern Poland are comparable to mean concentrations of metals determined in mosses collected in the Svalbard archipelago during the last three decades. Concentrations of Cu, Zn and Pb in the samples collected in 2014 in Karkonosze are also comparable to mean concentration values in moss samples from Svalbard. Relatively higher values were recorded in mosses collected in Beskidy. Apart from a general assessment of environment pollution and the undergoing changes in the environment, bio-monitoring with the use of mosses is considered a good method to discover anomalies, an example of which is the detection of relatively high concentration of nickel accumulated in mosses collected near Longyearbyen (Spitsbergen) in 2014.
